Purpose The purpose of this article was to review our experience in the treatment of complicated mandibular fractures in children using resorbable plates. Patients and Methods Records of 14 patients who sustained and presented to our department with complicated fractures of the mandible, and were treated with resorbable plates were retrieved. Permission was sought from and granted by the institution ethical committee. Data extracted included patients' gender, age, etiology of fracture, nature of fracture and site of the fracture. Results Of the 14 patients, there were 10 males and 4 females with a male to female (M:F) ratio of 2.5:1. Their ages ranged from 6 to 15 years, with a mean of 10.14 years. The etiology of the fractures included road traffic accidents (n = 11) and falls (n = 3). Most of the fractures were sustained on the body of the mandible. Majority of the patients had displacement of the fracture segments; 2 patients had comminuted fractures. All the fractures were treated using resorbable plates and healed uneventfully. Conclusion Whereas the number of patients in this case series was small, it is worth noting that children sometimes present with complicated fractures of the mandible, thereby necessitating open reduction and internal fixation. Resorbable plates when available and affordable, are an effective option for open reduction and internal fixation of such fractures.
Introduction
In clinical practice, across all clinical specialities, children constitute a special group of patients. Indeed in oral and maxillofacial surgery too, the management of mandibular fractures in children has special considerations as compared to the management of similar fractures in adults.
The anatomical characteristics of the developing mandible and the presence of tooth buds in the jaws of children, makes the management of mandibular fractures in the pediatric group a challenge and therefore calls for application of different surgical techniques [1, 2] .
A number of authors are in agreement that whenever possible, conservative approach be employed in the form of closed reduction [1, 3, 4] . This approach certainly will apply to greenstick, simple, non-displaced fractures. However, children sometimes present with severe fractures in which the closed approach may not be the choice of treatment. The fractures may present with displacement, severe malocclusion, multiple fractures, or comminuted. Under these circumstances, open reduction and internal fixation is the treatment of choice. The use of resorbable plates when available, is an alternative that is gradually getting into active use for fracture fixation in children [5] .
The purpose of this article was to review our experience in the treatment of complicated mandibular fractures in children using resorbable plates.
Patients and Methods
Records of 14 patients who sustained and presented to our department with complicated fractures of the mandible, and were treated with resorbable plates were retrieved.ethical committee. Data extracted included patients' gender, age, etiology of fracture, nature of fracture, site of the fracture and surgical approach used. The surgical procedures were performed under general anesthesia; intraoral (vestibular) and extraoral (submandibular) surgical incisions were used to access the fracture sites. Majority of the incisions were intraoral, except for one subcondylar fracture and a comminuted fracture body of the mandible which were accessed through extraoral incisions (Figs. 2B,  3D ). Regarding the operation procedure in brief; on accessing the fracture site, under clear visualization (Fig.  2B) , interpositional tissues in the form of bony spicules and soft tissue were cleared off the site. Reduction of the fracture was then done, taking caution of proper alignment of the bone segments and checking the occlusion. A template, when necessary, was used to record the alignment/ curvature of a particular site of the mandible; the resorbable plate was then molded according to the template. We used Lactosorb TM (poly-L-lactic acid/polyglycolic acid) plates and screws. Hot sterile saline was used to heat the plates in order to curve/mold them to the desired shape as per the template; exposure was about 15 s, with temperature not exceeding 85°C according to the manufacturer's recommendations. Drill holes were made through the outer cortex only, a screw thread hand tool used to in-print the threads. The resorbable plates (2.0 mm) were then fixed at the lower margin of the mandible (Fig. 1B ) using monocortical screws. Special care was taken to avoid injury to the underlying tooth buds; in the canine region, a longer plate was used to ensure screw placement distant from this lowest position of tooth buds. Post-operatively, oral hygiene instructions including tooth brushing using a soft toothbrush and mouth rinsing with 0.1 % chlorhexidine 3 times a day, were emphasized. The patients were postoperatively advised to restrict themselves to a soft diet and avoid any activities that may transmit excessive loading forces to the mandible for a period of about 4 weeks. Restoration of premorbid (functional) occlusion was used to assess treatment results.
Results
Details of data collected from the 14 patients is shown in Table 1 ; there were 10 males and 4 females; male to female (M:F) ratio was 2.5:1. Their ages ranged from 6 to 15 years, with a mean of 10.14 years. The etiology of the fractures included road traffic accidents (n = 11) and falls (n = 3). Most of the fractures were sustained on the body of the mandible. Majority of the patients had displacement of the fracture segments; 2 patients had comminuted fractures. Post-operative assessment was by the results of the final review as outpatient after 3 months. The consolidation of the fractures was assessed by physical examination, alongside radiography (Fig. 1C) . The main focus was on satisfactory occlusion, function and restored alignment/ contour of the mandible. All the patients healed uneventfully post-operatively; complications such as infection, non-union, mal-union, mandibular deviation, deviation on mouth-opening were not encountered. The patients achieved satisfactory preinjury occlusion and mandibular contour, thus good function and esthetics.
Discussion
Maxillofacial fractures are not common in children because children have many fat pads around the upper and lower jaws, which are thought to cushion any impact [6] [7] [8] . However, when they occur they usually affect the mandible [6, [9] [10] [11] . Fractures of the mandible result in esthetic and functional disturbances to the patient. Biodegradable osteofixation devices are being increasingly used in cases of trauma to avoid problems associated with conventional metal osteofixation [12] [13] [14] . The avoidance of these problems is even more paramount in children.
For the purpose of this case series, complicated mandibular fractures were considered as those with severe displacement, malocclusion, multiple fractures or comminuted. One of the most important goals of treatment of mandibular fractures is to restore form and function; loss of function has nutritional and dietary implications to the patient, and ultimately on the general health.
Most of the cases were males, with a male to female ratio of 2.5:1. This was in agreement with studies that have reported males as being the predominantly affected sex [1, [15] [16] [17] [18] [19] [20] . An explanation of greater and more dangerous activities among boys is common to a number of studies [21] [22] [23] .
The major etiological factors were road traffic accidents and falls. Of the 14 patients, 11 had road traffic accidents as the cause of injury resulting in fracture of the mandible, 3 had their fractures having resulted from falls. These findings are similar to a number of studies that have documented road traffic accidents as a major cause of maxillofacial fractures [1, 15, 20] .
Because of the functional, and sometimes esthetic difficulties encountered by patients with mandibular fractures, treatment of the fractures is paramount. In oral and maxillofacial surgery, the two main treatment approaches are: closed reduction, and open reduction and internal fixation with titanium plates and screws. It is important to note that the majority of simple and non-displaced fractures in children should be managed by a conservative and noninvasive approach; this can range from observation under soft diet to closed reduction by maxillomandibular fixation with elastics for short periods of time [3, 4] . This indeed, is the old and classic approach with its own advocates [19] . Immobilzation by maxillomandibular fixation in itself can be a challenge in children compared to the cooperation exhibited by adult patients [18, 19] . However, in the daily practice of oral and maxillofacial surgery, situations occur when children and young adolescents present with complicated fractures with displacement ( Fig. 3B) , showing the comminuted fracture exposed through extraoral approach. C Fracture reduced and fixed with 2.0 mm resorbable plates and screws; the mental nerve was preserved (Fig. 1A) , comminuted ( Fig. 2A) , and multiple fractures. Under such circumstances, the surgeon's treatment plan may round-up to open reduction and internal fixation [18] . For decades, this approach has also been anchored on the use of metal plates and screws. Without completely over-looking the documented advantages of metal plate fixation of maxillofacial fractures, their use for fixation of mandibular fractures in children can be complicated by the state of mixed dentition; risk of intrabony embedment of metal screws affecting jaw/teeth growth [2, 5, 17, 18, 24] , palpability or visibility of plates through the chin, damage to tooth buds [19] , need for secondary surgery to remove the plates.
In this case series, we used resorbable plates to treat 14 children who presented with complicated mandibular fractures, as defined earlier, in whom open reduction and internal fixation was the most appropriate option. The fractures were located at the symphysis, parasymphysis, body and subcondyle (n = 1). With exception of two comminuted body fractures and one subcondylar fracture, the rest of the fracture sites were accessed through intraoral incisions. Resorbable plates and screws are known to less likely disturb skeletal growth; however, depending on the application technique, they may still damage unerupted teeth and tooth buds. In our experience, the following measures were effectively used to prevent damage to inferior dental/mental nerves, teeth/tooth buds: the mental foramen/nerve were identified and preserved (Fig. 2C) , the plates were fixed at the lower margin of the mandible, drill holes were made through the outer cortex only. In the canine region, which is the lowest position of tooth buds in the mandible, longer plates were used to ensure screw placement distant from the canine bud area. The mandible is known to be subjected to functional/loading forces; therefore, placement of only one plate at the inferior border may be inadequate to withstand the multiple forces. In order to improve on the strength of the plates and stability of the fixation, an interdental wire (0.4 mm) splint was used in some cases. Some of the intraoperative difficulties and limitations encountered included: small mouth in children leading to limitation in the degree of mouthopening and retraction, difficulty in skin flap retraction while accessing a high subcondylar fracture (Fig. 3C) , inadequate strength of the plates to withstand forces on the mandible in some cases; thus necessitating an additional wire splint. Literature has documented the advantages of resorbable plates that include avoidance of secondary surgery to remove the plates, gradual transfer of load to the healing bone during resorption, elimination or reduction in the period of maxillomandibular fixation [17, 18, 24, 25] . However, resorbable plates application are not completely complication-free; some of the associated complications include: breaking of the devices due to excessive forces, loosening and migration of the devices, damage to tooth buds, neurovascular injury, post-operative infection, foreign-body tissue reaction to the plates. However, in these series of patients, all the patients healed uneventifully; this was in agreement with other studies [18] . On a socioeconomic view, resorbable plates and screws have a costrelated limitation in that they are very expensive.
Conclusion
Whereas the number of patients in this case series was small, it is worth noting that children sometimes present with complicated fractures of the mandible, thereby necessitating open reduction and internal fixation. Resorbable plates when available and affordable, are an effective option for open reduction and internal fixation of such fractures.
